I/N Margins at POCS Receiver from CV FM/TV Hubs
(Hub EIRP is 7.0 dBW over 20 MHz)
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Figure 6-5. CVUS Hub FM/TV Transmission
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I/N Margins at POCS Receiver from HP T1 Subscribers
(EIRP = 14 dBW over 1 MHz BW)
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Figure 6-6. HP Subscriber T1 Transmission
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I/N Margins at POCS Receiver from HP Hubs
(40MHZz/60Mbps Hubs with EIRP=8 dBW)
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Figure 6-7. HP Hub 40 MHz/60 Mbps Transmission

i

27




I/N Margins at POCS Receiver from Tl Subscribers
(For 2.5 MHz and 30 MHz Interferer Bandwidths)

[0 R

0
5 ..
'_,.‘___‘_‘_‘— /f"—__.\_"-,
' . B i JEPEY |
UN Margin,at 388 km PGCS Receiver 4y = = = - - - - a--"
‘\“r ::
-10 i
0 10 2 0 40 0

Beam Bomesight Elevation Angle (deg)

[nmmu MSA aione (2.5 MHzJp Miami MSA + 33% (2.5 MHZ Miami MSA + 33% (30 MH})

Figure 6-8. TI Subscriber 2.5 & 30 MHz Transmissions
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I/N Margins at POCS Receiver from Tl Hubs
(25 dBW EIRP/60 MHz Interferer)
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6.4 Impact of the proposed EIRP mask on POCS

The Third NPRM proposed an EIRP limit on LMDS systems in the torm of a maximum
EIRP expressed in terms of dBW/MHz/km? (see $4.2). This EIRP mask was evaluated with
respect to the levels of interference that would be received by a POCS satellites recetver as a
tunction of elevatuon angle from the LMDS emuitters for Rain Zones |, 2 & 3, with the results given
in Figure 6-10.

As can be seen in the figure, interference is produced at elevation angles trom 0°to 117 in

all three rain zones.

Hain Zone
3
2
1
//
0 10 20 30 40 50 60 70 80 90
Elevation angle to POCS (°)

Figure 6-10. Interference impact of EIRP Mask on POCS

6.5 Results of the Canadian study
An analysis was prepared by Canada of interference from the LMCS system (similar to
LMDS) into the POCS (SFCG 15-39). The modeled LMCS system was of relatively low power.
as discussed in §5.4.

Even for these low ppwered transmitters, the Canadian report concluded that the POCS
would receive interference.
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7. Impact of modeled LMDS systems on EES downlinks

The Negotated Rulemaking Committee for LMDS concluded that sharing between LMDS
and Earth statons operating with low-Earth orbit satellites was not teasible within the same
geographical area. In the case of EES downlinks, the Earth stations are receiving Earth stations
rather than transmitting stations as is the case in the 27.5 - 30.0 GHz band, but the basic concepts
remain the same. The LMDS system, by its ubiquity, would make it impracticable to coordinate
Earth station locations within an LMDS service area.
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8. Conclusions

NASA has undertaken an intensive study to assess the feasibility of sharing between
NASA space services and LMDS services below 27.5 GHz. The study has concentrated on the
potential impact to Data Relay Satellite Systems and Proximity Operations Communications
Systems, as well as a limited assessment of the potential impact to Earth Exploration Satellite
services. Our analyses show that unacceptable interference would result from both LMDS hub and
LMDS subscriber transmissions for three of the four LMDS proponent systems currently betore
the FCC.

Interference margin
LMDS system TDRS POCS
CVUS Hub -9.4 -9.0
CVUS Sub 1.1 -1.1
CVUS Hub (25 dBW/MHZ) -33.4 -32.9
CVUS Sub (25 dBW/MHz) -13.9 -16.1
Endgate Hub 15.5 13.3
Endgate Sub 36.9 36.2
HP Hub -13.9 -14.4
HP Sub -7.3 -7.7
T1 Hub -16.5 -16.3
T! Sub -8.2 -10.1
EIRP mask -7.0 -7.0

Figure 8-1. Interference margin summary

Figure 8-1 shows the interference margins for TDRS and POCS from data in figures 5-3.
5-4 and 6-2, 6-3. Significant negativemargins were found for the LMDS systems proposed by
CellularVision, Hewlett Packard and Texas Instrument. Only the Endgate system parameters
resulted in positive margins for the TDRS and POCS systems.

While interference is most severe for elevation angles to the satellite below 10°.
unacceptable interference is found for elevations to 50° under several cases (e.g. interference into
POCS from HP and TI subscribers in high rain areas of the country).

NASA concludes that sharing between NASA space services and LMDS systems is nut
feasible in the band below 27.5 GHz. We further conclude that due to the magnitude of
unacceptable interference resulting from three of the four LMDS system types currently before the
FCC, no rules acceptable to all parties could be drafted which would guarantee protection of
NASA space services from harmful interference.
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Appendix A

Results of detailed analyses of interference

End | End HP | HP TI
Hub Hub Hub Hub Hub
1 2 1 2 1
1621 17.6 BRI IS & -16.0
il 162 ] 176 2t 6.
2 621 177 3
3 60| 173 gol:
4} 56| 173
51 155] 176
6 | 1581 18.1
7i 162 18.7
3k 178 212
9 196 234
209 | 249
220 260
281 269
239 2824 33.
252 295 3s.
285 3291 38
311 354 41
3320 376 43. 1 111
3531 397 453 1.3] 13.1
368| 41.0{ 473 28| 146
38.0| 423 483 391 158 43
393 | 437 499 501 170 456
416 | 46.0| 523 73| 193 5.3
43.0] 473 s34 8.7 ] 206 5.6
421 485 3456 T 17 5.5
456 50.1| 557 1i.if 230 5.9

Figure A-1. Aggregate Interference from LMDS Hubs into a
TDRS Satellite Receiver
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APPENDIX B

LMDS AGGREGATE INTERFERENCE INTO POCS RECEIVERS
CONSIDERING SPECIFIC MSA AREAS
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LMD GATE INTERFERENCE INTO POCS REC

To estimare the amount of aggregate interference introduced into proximity operations space
receivers, 8 MATLAB computer simulation program was deveioped. Space system recerver input

parameters are:

1) Space Station aititude (assumed to be 350 km)

2) Recerve HPBW (assumed to be 5.9°)

3) Recerve antenna gain (assumed to be 32.55 dBi)

4) Receive system noise temperature (assumed to be 733°K)
5) Receive system bandwidth (14.7 MHZ in most cases)

LMDS system input parameters are:

1) Max ETRP (at cell edge for subscribers)

2) Transmit signal bandwidth

3) LMDS cell radius

4) Height of bub above ground level

5) Maximum pomting elevation of subscriber antennas

6) Hub antenna mainbeam elevation angie (since hubs are typically pointed slightly downward)

7) Modulation peaking factor (for the case of a wideband interferer into a narrowband recerver)

8) Rain climate zone (consistent with the ceil size above)

9) Number of simuitaneous co-frequency subscribers per cell (assumed to be one for all systems
except ENDGATE which uses a 36-sectorized ceil)

10) Frequency interieaving (assumed to be -3 dB for CV and 0 for all others)

Additionally, 3 dB beam footprint areas for various beam aimpoint elevation angles are input to
the simuiation. These footprint areas were pre~caiculated off-line using a separate program sincs
they involve a significant amount of computation by their own right.

A “FILL” vector specifying various LMDS beam fill percentages and the areas of selected MSAs
(metropolitan statistical areas) are also input to the simulation. These variables are used to
compute the “effective LMDS area” which is defined to be that ares occupied by LMDS cells.
This is to take imto account the fact that beam footprints (especially large ones that occur at low
elevation angies) will typically not be completely ssturated with LMDS systems. The program
provides three options for computing effective area. These are described below with the aid of the

following figure. .
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OPTION A OPTION B OPTION C
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Figure 1. Options for Computing Effective Area Occupied by LMDS Cells

Option A uses the % fill vaiues to simply calculate the effective area as a specified percentage of
the 3 dB beam footprint area. For example, a fill percentage of 20% wouid take the effective area
as 20% of the footprint area. The approximate number of LMDS cells in the footprint is then
found by dividing the effective area by the LMDS ceil area.

In option B, the fill percentage is interpreted as a certain percentage of the MSA area. For
exampie, a fill percentage of 100% would take the efactive area to be the eatire MSA area as
long as the beam footprint is larger than the MSA. The rest of the footprint is assumed to be
compietely empty of LMDS ceils. If the beame footpring, on the other hand, is smaller than the
MSA itvelf, the effective area is taken to be equal to the beam area even if a 100% MSA
coverage is specified. This typicaily happens at higher elevation angles.

Option C is similar and is analogous to the Canadian approach for computing effective area.
Again, if the beam footprint is larger than the MSA (as shown in the figure), and 100% MSA
coverage is specified, the effective irea is taken to be the entire MSA + 33% of the remaining
Sfootprint area outside the MSA. Like option B, however, if the beam footprint is smaller than the
MSA, then the effective area is simply taken to be the beam footprint area itself. Again, this
typically occurs at the higher elevafion angies. Hence, at the higher elevation angles, the I'N
margin values for a particular scenario will generally be the same for both Options B and C.

Once the LMDS effective area is calculated according to one of the three options above, the
approxamate number of LMDS cells in the beam footprint is found by dividing the effective area
by the ceil area. For subscriber interference, the number of co-channel interferers per cell whose
carriers fall into the POCS regetve bandwidth is then found by comparing the receiver bandwidth
with the interferer’s bandwidth. For example, an LMDS scenario in which an individual




subscrider’ s bandwidth is | MHZ (for a T1 data rate) and the space system receive bandwidth is
14.7 MHZ, will assume 15 subscriber interferers per ceil. In addition, if there is frequeacy reuse
within the cell by means of sectorization (as in the case of ENDGATE with 36 sectors), the
number of potential interferers per cell is further muitiplied by this factor.

For the estimated number of LMDS cells i the footprint (NCELL), the program then popuiates
the footprint with cells starting at the far edge of the footprint and progressing towards the near
edge. For each cell, the elevation angle to the satellite is computed as well as the gain fall-off at
the sateilite antenna. The atmospheric loss for each cell is also caiculated based on its elevation
angie and the specified rain-climate zone. Because the cell sizes are much smaifer than the
distance to the sateilite, ail subscribers within a cell are assumed to have the same satellite
elevation angle, atmospheric loss, and gain fall-off at the satellite as that computed for the
particular cell itself. (Note, however, that pointing angfes and gain falloffs at the subscriber
antenna are computed for every subscriber in every ceil.) At this point, the aigonthm branches
imo two separate paths depending on whether subscnbers or hubs are being analyzed. Since
subscriber interference is more complicated, the rest of this description pertains only to subscriber
analysis  aithough the hub analysis is very similar.

After popuiating the footprint with the appropriate mumber of ceils, the interferers within 3 ceil are
randomly located within each cell. For exampie, for the case described above with (5 T1
interferers per cell, 15 interferers would be randomly distributed in each of the NCELL cells
within the footprint. (Note that in some cases as seen in the tabie, one interferer per cell is
deliberately forced into azimuth alignment with the satellite to study its effect.). After the
subscribers have been randomly distributed in the cells, a number of parameters are calculated for
each subscriber. These are:

1) Subscriber-to-hub ranges within each cell

2) Subscriber EIRP as a function of subscriber-to-bub distance

3) Subscriber antenna elevation angle based on distance to hub and hub hetght above ground leved

4) Off-axis angie of each subscriber’s antenna pointing direction (towards the hub) from its line-

of-sight to the sateilite

5) Using the off-axs angies in (4) and the specified subscriber antenna pattern, the corresponding

subscriber antenna gain falloffs are computed

6) The subscriber antenna gain falloffs are checked to see which ones are [ess than 3 dB. Where
this occurs, it indicates main-beam coupling and a 3 dB polarization discrimination is assumed.

7) The slant range and free-space loss are computed for each subscriber

8) The interference power at the satellite is computed from each subscriber ransmirter in each of
the NCELLS taking into accounteextra factors such as interleaving, peaking, and bandwidth
adjustment (for a wideband interferer into a narrowband receiver) where they apply.

9) After converting the individual interfering powers from dB to non-dB units (Watts), the

aggregate interference power is computed by summing over all subscriber interference powers.

10) The thermai noise power N in dBW is subtracted from the aggregate interference power [ in
dBW to get the N ratio.

11) The /N ratio i3 compared with the IN criterion of -6 dB to get the margin



This procedure is repeated for each of the specified beam footprint areas and % coverage vaiues.

1

LX)

e



I/N Margins at POCS Receiver from T1 CV Subscriber
(Based on 25d8W/MHMz EIRP Density)
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I/N Margins at POCS Receiver from T1 CV Subscriber
(1 of 15 Intertarers per Call is Azimuthaily in-iine with S/C)
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/N Margins at POCS Receiver from CV FM/TV Hubs
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/N Margins at POCS Receiver from Tl Subscnbers
(For 2.5 MHz and 30 MHz Interferar Bandwidths)

YN Madgin at 350 km POCS Recerver (4B)

{
0 10 D X

€ | 1
0
Beam Boresight Elevation Angle (deq)
a . Z PS - a (2. Z] & z
ENY MSA + 33% (30 MHZ) @ NY MSA (2.5 MHZ/1 MHZ) & NY MSA « 33% (2.5 MHZ/I|M
KMargin based on £ dB )
*
—

/*/5 B I7L




/N Margins at POCS Receiver from Tl Subscribers
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CV LMDS INTERFERENCE INTO SPACE STATION PROX OPS RECRIVER (350 KM ALTITUDE: 5.9° RECV BEAM HPBW)
CASE ¢ SYSTEM SUB/MHUB MAX EIRP Xmit BW Cell Rndiuskhm Zonef Recv BW H#ofintfers§ # AZ MSAs  JUN Margins (dB) st Beasw: Elevation]
(dBW) Data Ratc (an) (MHz) percell  |adigned Aogle for 100% Coverage of SMA
ith S/C (or beam if 80 indiceted)
per cell 0° 1 5° F15°§20°] 30 40°¢
1 cv sSuUB 100 1 MH2/T1 48 2 14.TMH2 15 0 100%of 1081-02123143159| 78
Beam
2 CY« SUB 100 | MHZ/T1 48 2 14.7Mliz 15 | 100% of 136140]181391 59 73
Beam
3 Cv suB by 250 } MH2/TH 48 2 14 TMHz 15 0 100%% of - Hi4 8 - 1109)-9) ‘18
Bean 1413 126
S S S
4 cv sug 10.0 N MH2/T) 27 \ 147 M, 15 0 100% of 1-261-34-191-041 14 30
Bewn
S CcvV sug 10.0 § MHUTH 48 2 147 Mz 5 0 New York J117}11 816814968 84
6 (33I%) cv SUB 10.0 1 MHa /T 48 2 14 MM 15 0 New York [48(39154]48}70 83
) Cv suB 100 { MH/TI 48 2 14. TMi 2z 15 1 New York 1521541600146 66 82
8 (31%) CcV sup 10.0 | MM 48 2 14.7 Ml 15 | New Yook {-0.91-0.0]48146]62 88
9 cvV sup 250 § MHLT) 48 2 14.7 Milz 15 0 Ncw York |-4.81-45[-7.71-9.9] 83| 6.6
10(33%) cv SuUB 250 i MHLUT 48 2 14.7 Milz (s a New York | - }10.71-9.5110.)] 831 6.8
10.8 \

! Cases marked 33% refer to tic method i which the cffective arca within the beam foolprint arca 1s calculsted The effective arca is asswned 10 be thal arca
occupied by LMDS colls. For cases marked (33%), the effective arca is cqual to the beam arca if the beam srca is less than or oqual 1o the quunuly (Ybcoverage*A,,,)
which is the parcent LMDS coverage (in terms of arca) of the indicatod SMA (statistical metropolitan arcs). I the beam arca 15 greater than this quantity, then the
cifoctive arcs is taken 1o be this quantity + 33 of the beamn arcs outsido this arca (1.c. Agy = (Yecoverage®A, ) + 0 13%(A,,,, -Yecovarage® A,,)). For cases nod
marhed (3I0) Ap, = Apes, B8 A =¥ooverage®A ., sid A _ ~covarago®A,,,. for beam arcss greatar thay Yecovaage*SMA (1 ¢ the rest of the beam arca 13
el W be of LADS el

- ' Tabla 3/



T cv suB 10.0 | MH2/T) 2 T RTRZY R BT Miami  N175p172]70)50]22| 37
U33%) cv SUB 10.0 ) MH2/T] 27 ! 47MHz | 1S Miami |34{29)29]27)19] 38
13 cv suB 10.0 | MHZ/TI 21 1 | t4TMHz | 1S Miami |114f112}62{44{20] 34
4(33%) cv SUB 10.0 1 MH2/TI 27 ! 14TMHz | IS Mismi  |-20}-23f19]25)19] 35
s cv SUB 50 10kH/16xbps | 48 2 | so0kHz | 50 New York |-3.7{ 46| 80}10.0 8.0 .4
6(33%) cv SUB 50 10kHZ/16kbps | 4.8 2 500 kHz 50 New York | - [10.6]-9.6}10.4] 81| 63
103
b 1) .
17 cv SUB 198 30 MHZ4S Mbps{ 4.8 2 | 147 MH2 i New York |47]-22{87}naf-83{ .1
/8 (33%) cv SuB | 398 JOMHZ4S Mbps| 48 7 | 14rMk x New York | - bi18] - Y12} <0
10.2 10.1
/
19 cv HUB 70 WMHzFMTV | 48 2 | 147 MiL ! New York |68170 [204}187]203] 218
20 (33%) cv HUB 70 20MHZIFMITV | 48 1 | 14TMH l New York |02 0.0 fis1{i87{203) 218
21 cv HUB 180 0MH FMTV | 48 2 | IML i New Yark | - |24.0] - .uarm.c 92
14.4 16.6
R
22 (33%) cv HUB 18.0 WMHZ FMTV | 48 2 | M | New York | - para| - hiz3fa0e| 9.2
J.s tt.9
u
21 cv HUB 10 0MHZPMITV | 48 2 | M a NewYoke] 1313 L
Philat Wash
DC
24 (33%) cv HUB 10 0MHZFM/ITV | 48 2 | 1Mz | New York +]-14l06] ) | |
Phila + DC
25 cv SUB 10.0 { MH2/TI a8 2 | 14TMHz | 15 INew York +s4 149 ] | )
Phils + DC
26 (33%) cv sUB 10.0 ) MH2/T} a8 2 | waMiz| 15 New Yok +{29027] | | |
Phile + DC

Taidle /532



